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This pa  per in  ves  ti  gates the sta  bi  li  za  tion of elec  tri  cal dis  charges in gases by means of ex  ter  nal
ion iz ing ra di a tion. Dis charges in a gas-filled surge ar rester model were stud ied in both pas sive 
and ac tive re gimes of the de vice. An orig i nally de vel oped model of the gas-filled surge ar rester 
was used. Gas pres  sure and the interelectrode gap were the vari  able pa  ram  e  ters in our mea  -
sure ments.  Ap plied  ra di a tion  types  in cluded  a-par ti cles,  g-rays, X-rays, and neu  trons. Mea  -
sure ments  were  per formed  un der  highly  con trolled  lab o ra tory  con di tions.  The  com bined
mea sure ment un cer tainty of the ap plied pro ce dure was es ti mated as be ing un der the 5% level. 
The re sults ob tained are fol lowed by a the o ret i cal ex pla na tion. The cru cial re sult is the con clu -
sion that ion  iz  ing ra  di  a  tion does not nec  es  sar  ily de  grade the gas-filled surge ar  rester’s func  -
tion  al  ity but that it, rather, im  proves it un  der cer  tain con  di  tions.
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IN TRO DUC TION
Sen si tiv ity  to  overvoltage  in creases  sig nif i -
cantly  with  com po nent  min ia tur iza tion.  Re li able
overvoltage pro  tec  tion of mod  ern elec  tronic de  vices
is, there  fore, of ma  jor im  por  tance. If the de  vices are
not prop  erly pro  tected against overvoltage, com  po  -
nents can suf  fer dam  ages lead  ing to par  tial or com  -
plete  de struc tion  [1].
Overvoltage com  po  nents are ei  ther lin  ear or
non lin ear.  Lin ear  overvoltage  pro tec tion  com po nents
in  clude var  i  ous types of fil  ters con  sist  ing of coils and
ca pac i tors. Non-lin ear overvoltage pro tec tion com po -
nents in  clude gas-filled surge ar  rest  ers (GFSA),
metal-ox  ide varistors (MOV), and tran  sient sup  pres  -
sor di  odes (TSD) [2]. GFSA are made of a glass or ce -
ramic  hous ing,  with  a  gas-in su lated  sym met ri cal  two-
or  three-elec trode  con fig u ra tion.  No ble  gases  at  pres -
sures close to the Paschen min  i  mum are mostly used
for in su la  tion [3]. The op er a tion of a GFSA rests upon
the elec  tri  cal break  down of the in  su  lat  ing gas. The
break  down is a con  se  quence of a self-sus  tained av  a  -
lanche pro  cess which de  pends on the com  pe  ti  tion of
elec  tron gen  er  a  tion and loss pro  cesses [4, 5]. The ad  -
van tages of a GFSA over other overvoltage pro tec tion
com po nents are its abil ity to con duct high cur rents (up
to 5000 A), its low in  trin  sic ca  pac  ity (~1 pF), and low
cost, while its draw  backs are the ir  re  vers  ibil  ity of
prop  er  ties af  ter an elec  tric arc [6-9].
Ra di a tion  en vi ron ments  that  re quire  proper
func  tion  ing of elec  tronic de  vices are di  verse. For in  -
stance, a nu  clear ex  plo  sion pro  duces a strong pulse of
gamma rays that lasts sev  eral nano  sec  onds and a de  -
layed pulse of fast neu trons that lasts sev eral hun dreds
of mi cro sec onds. De pend ing on the type of nu clear ex -
plo  sions (sur  face, air, or high-al  ti  tude bursts), other
kinds of ion iz ing ra di a tion can also ap pear, such as the
sec ond ary  g pulse in the air, or high-al  ti  tude bursts. In
nu  clear power plant de  vices – con  tin  u  ous and pulse
nu  clear re  ac  tors – the pro  cess of fis  sion is ac  com  pa  -
nied by the gen  er  a  tion of neu  tron and gamma (n + g)
ra di a tion. In re search cir cles, there is a wide spread use
of mod el ling de vices: con tin u ous and pulse nu clear re -
ac tors, pulse Roent gen and g de vices, con tin u ous g de -
vices, pulse and con tin u ous elec tron and pro ton ac cel -
er a tors.  Space  is  a  nat u ral  en vi ron ment  for  var i ous
ra di a tion  sources:  ga lac tic  ra di a tion  (pro tons,  al pha
par ti cles,  and  other  heavy  nu clei),  so lar  ra di a tion  (es -
pe  cially dur  ing pe  ri  ods of high so  lar ac  tiv  ity), as well
as ra di a tion from the Earth’s ra di a tion belts. This short
re view  of  ra di a tion  en vi ron ments  and  sources  il lus -
trates  the  di ver sity  of  ra di a tion  con di tions  and  fac tors
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tions.
Since it is nec  es  sary to pro  vide re  li  able pro  tec  -
tion for the elec tronic de  vices from the ef  fects of tran -
sients (such as the elec  tro  mag  netic pulse fol  low  ing a
high-al ti tude nu clear burst) in above men tioned con di -
tions,  the  in flu ence  of  ion iz ing  ra di a tion  on  gas-filled
surge ar  rest  ers needs to be in  ves  ti  gated.
The aim of this pa per is to ex am ine the ef fects of
ion iz ing  ra di a tion  on  the  sta bil ity  of  volt-am pere  and
volt-sec ond char ac ter is tics of com po nents with gas in -
su la tion,  per form ing  in  short  time  in ter vals.
EX PER I MENT
The op  er a tion of a GFSA is based on the mech  a -
nism of gas pulse break  down which is char  ac  ter  ized
by the same or  der of mag  ni  tude of time con  stants de  -
scrib  ing the ap  plied volt  age change and el  e  men  tary
gas dis charge pro cesses. The value of the pulse break -
down volt  age is, there  fore, a sto  chas  tic quan  tity,
which also makes the prop er ties of a GFSA sto chas tic.
Since the stochasticity of the pulse break down volt age
ran  dom vari  able arises mainly from the stochasticity
of the ini tia tory elec tron ap pear ance [10-12], it is to be
ex  pected that a rise in the num  ber of free elec  trons (
po ten tially  ini tia tory  ones  )  sta bi lizes  GFSA’s  char ac -
ter is tics.
The in  ves  ti  gated GFSA model, con  sist  ing of a
gas cham  ber and an elec  trode sys  tem that pro  vide a
ho  mo  ge  neous elec  tric field, is pre  sented in fig. 1. The
gas cham  ber was con  nected to a gas cir  cuit shown in
fig. 2. Both the cham  ber and the gas cir  cuit were de  -
signed to pro  vide sta  ble gas pres  sure dur  ing each se  -
ries of mea  sure  ments. A Walace & Tiermon Dipon 2
dig i tal  in stru ment,  with  0.1  mbar  res o lu tion,  was  used
for mon  i  tor  ing the value of the pres  sure in  side the
cham ber. Mea sure ments were re corded with a Dipon 2 
and then con fig  ured by the FA-129 de vice of the same
man  u  fac  turer. The con  stancy of the set pres  sure
through  out each mea  sure  ment was achieved by suit  -
able valves.
A collimated 241Am a par ti  cle source, move able
along the ra dial di rec tion, was in stalled at the op po site
side of the interelectrode gap. Its po si tion was adapted
dur  ing the ex  per  i  ment, so that the max  i  mum of the
Bragg  curve  (rel  a  tive  spe  cific  ion  iza  tion  vs.  range,
e. g. the num  ber of cre  ated elec  tron-ion pairs vs. the
dis  tance from the ra  dio  ac  tive source) [13, 14] for any
set pres  sure, was lo  cated at the cen  tre of the
interelectrode re  gion. The Bragg curve max  i  mum
marked the ex  act po  si  tion at which a  par ti cles  cre ated
a max  i  mum num  ber of elec  tron-ion pairs [15]
The gamma ra  di  a  tion field used for test  ing the
GFSA model was a 60Co field, with av  er  age gamma
ray en  ergy of 1.25 MeV. The ab sorbed dose rate in the
air was 96 cGy/h, 960 cGy/h, and 1920 cGy/h. The dis -
tance be  tween the ra  dio  ac  tive source and the ex  am  -
ined over-volt age com po nents was 272 cm, 86 cm, and 
60 cm, re  spec  tively, for the three dose rates.
X-rays used in our ex  per  i  ments were ob  tained
from the Philips MG-320 X-ray gen  er  a  tor, set to fol  -
low  ing val  ues of pa  ram  e  ters: the high volt  age for nar  -
row spec tra was 300 kV, av er age en ergy 250 keV, elec -
tric cur  rent 15 mA. Three dif  fer  ent fil  ters were used,
re  sult  ing in X-ray en  er  gies of 45 keV, 115 keV, and
250 keV.
No ble gas Ar was used as a fill ing. Pres sure was
var  ied from 1 mbar to 2.5 mbar, the interelectrode gap
from 0.1 to 2 mm. The ap plied volt age had a 8 V/s rate
of rise in the case of the DC load, and a 1.2 kV/50 ms
wave form in the case of the pulse volt age load. A block 
di a gram of the mea sur ing sys tem is to be found in [16].
In or  der to ex  am  ine the ef  fects of neu  tron ra  di  a  -
tion on the GFSA model, it was ex  posed to the ra  di  a  -
tion of a 252Cf neu tron source [17] that has a peak in the 
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Fig  ure 1. The GFSA mode (gas cham  ber and elec  trode
sys  tem); 1 – elec  trode sys  tem, 2 – ra  dio  ac  tive source
car  rier, 3 – fit  ting the interelectrode gap, 4 – fit  ting the
dis  tance be  tween the ra  dio  ac  tive source and the
interelectrode gap
Fig  ure 2. The scheme of the gas cir  cuit; 1 – ab  so  lute in  -
stru  ment, 2 – rel  a  tive in  stru  ment, 3 – cham  ber, 4 –
vac  uum pump, VA1, VA2, VA3, VA5, and VA6 are
two-position valves, and VA4 is a mi  crom  e  ter dos  ing
valveneu  tron spec  trum at the en  ergy of 0.8 MeV, while the
spec  trum ex  tends to 20 MeV.
The anal  y  sis of the g-spec  trum, aris  ing from the
iso topes  cre ated  dur ing  neu tron  ir ra di a tion  of  the
GFSA model, was per  formed with the ap  pa  ra  tus rep  -
re  sented by the block di  a  gram in fig. 3(a).
The mea  sur  ing equip  ment con  sisted of: (1) a
gas-vac  uum cham  ber, (2) pres  sure gauge SPEEDIVAC,
(3) steel cyl in der with Ar gas un der pres sure, (4) vac uum
pump ED  WARDS 5, (5) DC high-volt  age source CAN  -
BERRA, (6) AVO me  ter ISKRA MI 7006, (7) dig  i  tal
multimeter LDM – 852 A, (8) vari  able re  sis  tance MA
2110, and (9) co  ax  ial ca  bles and con  nec  tors.
The  ex per i men tal  pro ce dure  was  com prised  of
fol  low  ing steps: (1) as  sem  bling the GFSA model by
plac ing the elec trodes in side the gas-vac uum cham ber
and ad  just  ing the interelectrode dis  tance; (2) con  nect  -
ing the gas cham  ber to the gas-vac  uum sys  tem (via
suit able valves, with a vac uum pump on one side and a
gas sup  ply from a steel gas cyl  in  der on the other), as
well as to the pres  sure gauge; (3) vac  u  um  ing the sys  -
tem and es  tab  lish  ing a sta  ble pres  sure by us  ing valves
lead  ing to the vac  uum pump and valves for fine tun  -
ing; (4) po  si  tion  ing the gas cham  ber at the ex  act spot
cor  re  spond  ing to the de  sired ab  sorbed dose rate, i. e.
po si tion ing  the a source at an ap pro  pri ate dis  tance, so
as to lo  cate the Bragg peak within the interelectrode
re  gion; (5) con  nect  ing the GFSA model to the elec  tric
cir cuit; (6) con di tion ing the elec trode sys tem by keep -
ing it in the dis charg ing state for a pe riod of time, in or -
der to ob tain sta ble op er at ing con di tions that in sure the 
re peat abil ity  of  mea sured  re sults;  (7)  mea sur ing  the
pre-break  down cur  rent as the ap  plied volt  age is be  ing
grad u ally  in creased;  (8)  con di tion ing  the  elec trode
sys  tem with 50 con  sec  u  tive elec  tric arc break  downs,
(9)  mea sur ing  1000  con sec u tive  pulse  break down
volt  ages with a 1 kV/ms load volt  age rate of rise, (10)
mea sur ing  20  con sec u tive  dc  break down  volt ages
with a 8 kV/ms load volt  age rate of rise; (11) chang  ing
ex per i men tal con di tions (interelectrode gap, gas pres -
sure,  a source po  si  tion, dose of g and X-rays). The
block di  a  gram of the test cir  cuit for mea  sur  ing the de  -
pend  ence of pre-break  down cur  rent on volt  age is
shown in fig. 3(b), while fig. 4 shows a block di  a  gram
of the test cir cuit for de ter min ing the val ues of ran dom
vari  ables dc and pulse break  down volt  age and a sim  -
pli  fied di  a  gram of the out  put cir  cuit.
Mea sure ments  for  de ter min ing  ran dom  vari -
ables dc and the pulse break down volt age of the GFSA
model by us ing the test cir cuit rep re sented in the block
di a gram, fig. 4(a), started with the PC se lect ing, (via a
D/A con  verter), the ap  pro  pri  ate work  ing mode (cur  -
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Fig ure  3.  Block  di a gram  of  the  ap pa ra tus  for  ac ti va tion
anal  y  sis (a); block di  a  gram of the test cir  cuit for 
mea  sur  ing the de  pend  ence of the pre-break  down cur  -
rent on the volt  age (b)
Fig  ure 4. Block di  a  gram of the test cir  cuit for
de  ter  min  ing the val  ues of ran  dom vari  ables DC and
pulse break  down volt  age (a); sim  pli  fied di  a  gram of the
cur rent  im pulse  form ing  cir cuit  (b)rent source) whose out  put cir  cuit for cur  rent im  pulse
for ma tion is rep re sented in sim pli fied form by the di a -
gram in fig. 4(b). Af  ter the se lec tion co mes the set ting
of the volt  age at a high DC volt  age source out  put, fol  -
lowed by the charg  ing of the ca  pac  i  tor C1. Af  ter that,
the KN-22 krytron is trig  gered (a cold-cath  ode
gas-filled tube, used as a high-speed), form  ing the
volt  age im  pulse through the cir  cuit com  prised of C1,
R2, and L. The sig nal from the volt age probe is then fed 
to the dig i tal os cil lo scope and, fur ther on, to the PC for
pro  cess  ing. The pro  ce  dure is then re  peated. DC
(static) test ing of the GFSA model was con ducted with 
a uni  po  lar load volt  age with a 8 kV/ms rate of rise.
The  pro ce dure  of  pro cess ing  ex per i men tal  re -
sults com  prised: (1) plot  ting the pre-break  down cur  -
rent against volt age by means of dose, en ergy and type
of  ra di a tion  as  vari able  pa ram e ters;    (2)  elim i nat ing
spu ri ous re sults from the sta tis ti cal sam ple of the pulse 
break  down volt  age ran  dom vari  able by us  ing
Chauvenet’s cri  te  rion [18]; (3) plot  ting volt-sec  ond
char  ac  ter  is  tics by us  ing the Area Law for an equal ra  -
di a tion dose, gas pres sure and interelectrode gap as pa -
ram e ters  [19];  (4)  test ing  if  the  ex per i men tally  ob -
tained re  sults, with or with  out ra  di  a  tion, be  long to an
unique sta  tis  ti  cal dis  tri  bu  tion, by means of the U-test
[18-21].
RE SULTS  AND  DIS CUS SION
In flu ence  of  ra di a tion  on  volt-am pere
char ac ter is tics
Fig ures  5, 6, and 7 show the volt-am pere char ac -
ter  is  tics ob  tained at dif  fer  ent val  ues of gas pres  sure
and interelectrode gap, with the Bragg peak po  si  tion
and the doses of g-rays, X-rays, or  a  ra di a tion  as  pa -
ram e ters,  re spec tively.
Fig  ure 8 shows the de  pend  en  cies of the
pre-break down cur rent on the ap plied volt age with out
neu tron  ra di a tion,  dur ing  neu tron  ir ra di a tion,  as  well
as 1000 s, 4252 s, and 100000 s af  ter ir  ra  di  a  tion.
The com  mon fea  ture of the Re  sults in figs. 5, 6,
7, and 8 is that the po  si  tion of the curve’s sat  u  ra  tion
pla  teau and the volt  age value at which the av  a  lanche
mul ti pli ca tion  of  ion-elec tron  pairs  is  es tab lished  de -
pends on the type of ra  di  a  tion, its in  ten  sity and de  pos  -
ited dose. Fig  ure 5 shows that the in  crease of the sat  u  -
ra tion  pla teau  (I = const) at low val  ues of the
interelectrode gap and smaller gas pres  sures is more
prom  i  nent. Un  der the same con  di  tions, it is ev  i  dent
that  the  ear lier  ap pear ance  of  multi pli ca tive  pro cesses
does n’t de pend on the interelectrode gap and gas pres -
sure. This ef  fect can be ex  plained by a lower con  cen  -
tra tion  of  free,  po ten tially  ini ti at ing  elec trons,  in  the
interelectrode area when the interelectrode gap is
small and pres  sure value low. For this rea  son, the ef  -
fect of ion iza tion by g-ra di a tion sig nif i cantly in creases 
the num ber of avail able ion-elec tron pairs, re sult ing in
a higher sat  u  ra  tion level. This ef  fect is less no  tice  able
in the case of larger interelectrode gaps and higher
pres  sure val  ues. De  spite the dif  fer  ences in the sat  u  ra  -
tion level po si tion, the multi pli ca tive pro cess oc curs in 
a sim  i  lar way, re  gard  less of the interelectrode gap and
gas pres sure. This is due to the ab sorp tion of high ra di -
a tion doses caus ing a rise of ki netic en ergy of free ion -
iza tion  car ri ers,  which  re sults  in  av a lanche  ion iza tion
be  gin  ning at lower volt  ages for higher doses.
In flu ence  of  ra di a tion  on
volt-sec ond  char ac ter is tics
Fig ure  9  shows  volt-sec ond  char ac ter is tics  cor -
re  spond  ing to 0.1% and 99.9% prob  a  bil  ity quantiles,
ob  tained by us  ing the Area Law [19], the ex  per  i  men  -
tally de ter mined dc break  down volt age, and the sta  tis -
ti  cal sam  ple of the pulse break  down volt  age ran  dom
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Fig  ure 5. Pre-break down cur rent ver sus ap plied volt  age
in the g ray field (I1 = no ra di a tion, I2 = 0.96 Gy/h, I3 = 9.6
Gy/h, and I4 = 19.2 Gy/h); (a) interelectrode gap 0.5 mm,
pres  sure 60 mbar; (b) interelectrode gap 0.1 mm,
pres  sure 300 mbarvari  able for load volt  ages with a 1 kV/µs rate of rise,
for the non-ir  ra  di  ated surge ar  rester, surge ar  rester ir  -
ra di ated  by  g-rays, as well as those ir  ra  di  ated by
X-rays.
Re sults ob tained in fig.  9 show that the ef fects of 
ra di a tion lead to a nar row ing of volt-sec ond char ac ter -
is tics, i. e. their im prove ment in re gard ing prac ti cal ap -
pli ca tions.  Nar rower  volt-sec ond  char ac ter is tics  in di -
cate a lesser dis  per  sion of the im  pulse break  down
volt  age ran  dom vari  able which is of con  sid  er  able im  -
por  tance for pre  dict  ing the be  hav  iour of gas filled
surge ar rest ers in prac tice. Ef fects of ra di a tion also in -
crease the num  ber of free, po  ten  tially ini  ti  at  ing elec  -
trons, and thereby de  crease the value of the im  pulse
break  down volt  age, bring  ing it close to the nom  i  nal
val ues of the dc volt age. As can be seen from fig. 9, the
same ef  fect was more pro  nounced in the case of X-ra  -
di a tion than in the case of g-ra di a tion. This is due to the 
fact that X-ra di a tion (due to its wave lengths), most of -
ten in  ter  acts with the whole atom, im  part  ing to it the
en ergy that of ten leads to ion iza tion, while g-ra di a tion, 
(due to its wave  length), re  acts di  rectly with bound
elec trons, caus ing ion iza tion. The first pro cess is char -
ac  ter  ized by a larger ef  fec  tive cross sec  tion and its ef  -
fect is, there  fore, more pro  nounced.
Fig ure  10  shows  volt-sec ond  char ac ter is tics  for
the non-ir  ra  di  ated surge ar  rester, and for the surge ar  -
rester ir ra di ated by neu trons. This fig ure clearly shows 
the  nar row ing  of  the  volt-sec ond  char ac ter is tics
bounded by 0.1% and 99.9% quantiles, caused by a
higher  prob a bil ity  for  an  ion iz ing  par ti cle  or  a  g quan  -
tum to be found in the interelectrode re  gion.
Gamma  ra di a tion  sig nif i cantly  af fects  the
pre-break  down cur  rent of the GFSA model. With no
gamma source pres  ent, be  fore the break  down volt  age
is reached, the pre-break  down cur  rent does  n’t change
with the ris ing volt age. When there is a gamma source
pres  ent, there is a no  tice  able steady rise of the
pre-break  down cur  rent with the rise of the load volt  -
age. The rise of the pre-break down cur rent is more ex -
pressed for larger ra di a tion doses, as well as for higher
gas pres  sures at a con  stant value of the pd (gas pres  -
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Fig  ure 6. Pre-break  down cur  rent vs. ap  plied volt  age in
the X-ray field (I1 = no ra di a tion, I2 = 45 keV, I3 = 115 keV,
and I4 = 250 keV); (a) interelectrode gap 0.5 mm, pres  -
sure 60 mbar; (b) interelectrode gap 0.1 mm, pres  sure
300 mbar
Fig ure 7. Pre-break down cur rent vs. ap plied volt age in a
the X-ray field (I1 = no ra di a tion, I2 = 45 keV, I3 = 115 keV,
and I4 = 250 keV), (a) interelectrode gap 0.5 mm, pres sure 
60 mbar; (b) interelectrode gap 0.1 mm, pres  sure 300
mbarsure × inter-elec  trode gap) prod  uct. In the case of
X-rays, the pre-break  down cur  rent has a con  stant
value that is higher for larger X-ray en er gies, the ef fect
be  ing more pro  nounced than when g-rays are con  -
cerned. This can be at trib uted to the higher ion iz ing ef -
fi  ciency of X-rays, which, ow  ing to the higher wave  -
length  (com men su ra ble  to  atomic  di men sions)
in  ter  act with an atom as a whole, trans  fer  ring to it an
en  ergy higher than the elec  tron bind  ing en  ergy, while
g-rays in ter act with in di vid ual elec trons (through pho -
to elec tric or Compton ef fect), which makes the en ergy
that  cor re sponds  to ion iza tion by g rays lower than the
en  ergy that cor  re  sponds to ion  iza  tion by X-rays. Al  -
pha  ra di a tion  has  the  great est  in flu ence  re gard ing  the
pre-break down cur rent rise. This can be ex plained by a 
much  higher  ion iz ing  ef fi ciency  of  á  ra di a tion,  com -
pared to X-rays and g-rays, es pe cially in the con di tions 
of  our  ex per i ment,  i.  e. when the Bragg peak is po  si  -
tioned within the interelectrode re  gion. As for g-rays
and X-rays, in the case of a par ti cle ir ra di a tion, the ob -
served ef  fects are much more pro  nounced for higher
val ues of the pd prod uct, i. e. when the re quire ment for
the va  lid  ity of the Sim  i  lar  ity Law for gas dis  charge is
ful filled [22]. This can be ex plained by a shorter mean
free path in case of higher pres  sures.
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Fig  ure 8. Pre-break  down cur  rent vs. ap  plied volt  age in
neu tron ra di a tion field (I1 = no ra di a tion, I2 = 1000 s af ter
irradiation, I3 – 4252 s af ter irradiation, and I4 – 100000 s
af  ter ir  ra  di  a  tion); (a) interelectrode gap 0.5 mm, gas
pres  sure 60 mbar; (b) interelectrode gap 0.1 mm,
pres  sure 300 mbar
Fig ure  9.  Volt-sec ond  char ac ter is tics  with out  ra di a tion
(
_______), with a 19.2 Gy/h dose rate g-ray field pres  ent
(-----), with 250 keV X-rays pres  ent (     ); (a)
interelectrode gap 0.1 mm, gas pres  sure 100 mbar; (b)
interelectrode gap 0.01 mm, gas pres  sure 1000 mbar
Fig ure  10.  Volt-sec ond  char ac ter is tics  of  the  surge
ar rester  with out  ir ra di a tion  (
_____),  im me di ately  upon
neu  tron ir  ra  di  a  tion (----), and 30 min af  ter neu  tron
ir  ra  di  a  tion (         ); interelectrode gap 0.5 mm, gas
pres  sure 200 mbarThe in  flu  ence of all three ra  di  a  tion types, (g, X,
and a), on the DC break  down volt  age value is neg  li  gi  -
ble. On the other hand, the dy namic break down volt age, 
rep re sented  by  the  volt-sec ond  char ac ter is tics,  be haves
in the same man  ner as the pre-break  down cur  rent.
Namely, the higher the ion  iz  ing ef  fi  ciency, the smaller
the area in the volt-sec  ond plane lim  ited by the 0.1%
and 99.9% quantiles, which makes the gas dis  charge
more sta  ble. This can be ex  plained by the short  en  ing of
sta tis ti cal time [23], (i. e. of the in ter val be tween the ad -
vent of a free elec tron and its trans for ma tion into an ini -
tia tory one), caused by the in crease of free elec tron den -
sity in the interelectrode re  gion due to the pas  sage of
ion iz ing  ra di a tion.
Static load volt  age tests of neu  tron ra  di  a  tion ef  -
fects on the GFSA model showed that ir ra di a tion causes 
a  sig nif i cant  re duc tion  of  the  sta tis ti cal  dis per sion  at -
trib  uted to the static break  down volt  age mean value, as
a con  se  quence of the rise of the prob  a  bil  ity for ion  iza  -
tion pro cess ini tial iza tion, i. e. due to the rise of ion iz ing
par ti cle  and  g-ray fluxes in the interelectrode re  gion.
The change of the static break down volt age dis  per  sion,
fol  lowed by in  creas  ing neu  tron fluence, is pre  sented in
fig. 11. It can be noted that the static break down volt age
dis per sion falls to a cer tain value af ter which it re  mains
al  most con  stant. The mean value of the static break  -
down volt  age re  mained un  changed in the ir  ra  di  ated
GFSA model, equal to the value be  fore ir  ra  di  a  tion.
Pulse load volt  age tests per  formed on the GFSA
model showed that it re acted more promptly af ter ir ra -
di a tion,  had  nar rower  volt-sec ond  char ac ter is tics,  i.  e.
a lower dis per sion of the dy namic break down volt age.
Namely,  be fore  ir ra di a tion,  the  dy namic  break down
volt age  dis per sion  was  3.11%,  while  af ter  ir ra di a tion
to neu  tron fluence of 5.4148×1011neu trons/cm2, it fell
to 1.84%.
The quicker re  ac  tion of the GFSA model is
caused by the short  en  ing of sta  tis  ti  cal time that stems
from the rise of the ion  iz  ing par  ti  cle flux in the
interelectrode re gion. Fig ure 12 pres ents a chro no log i -
cal se  quence of dy  namic break  down volt  age val  ues
for the non-ir  ra  di  ated GFSA model as a his  to  gram,
while fig. 13 shows the same char  ac  ter  is  tics for the ir  -
ra  di  ated GFSA model (Fu = 5.4148×1011) neu  -
trons/cm2.
The  dif fer ences  be tween  the  chro no log i cal  se -
quences of the dy  namic break  down volt  age ran  dom
vari able shown in figs. 12 and 13 are a re sult of the ion -
iza  tion ef  fect. The ef  fect of ion  iza  tion in  creases the
num ber of free elec trons in the interelectrode gap, sig -
nif i cantly  de creas ing  the  dis per sion  of  the  dy namic
break down volt age ran dom vari able. This is due to the
fact that, in a ho  mo  ge  neous elec  tric field, al  most the
en  tire interelectrode vol  ume is crit  i  cal, i. e. a space
within which a free elec tron pro gress ing along a mean
free path can ob  tain enough en  ergy from the elec  tric
field to start the av  a  lanche pro  cess in the next col  li  -
sion, i. e. could be  come the ini  tia  tory elec  tron.
The ef  fect of neu  tron ra  di  a  tion on the GFSA
model can be ex  plained in a sim  i  lar way. Al  though
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Fig ure  11.  Change of  the  sta tis ti cal  dis per sion  at trib uted
to the static break  down volt  age mean value with the
ris ing  neu tron  fluence
Fig ure  12.  Chro no log i cal  se quence  of  dy namic
break down  volt age  val ues  for  the  non-ir ra di ated  GFSA
model
Fig ure  13.  Chro no log i cal  se quence  of  dy namic
break down  volt age  val ues  for  the  non-ir ra di ated
GFSA modelneu  trons pro  duce lit  tle or no di  rect ion  iza  tion, neu  -
tron  ir ra di a tion  af fects  the  char ac ter is tics  of  the
GFSA  model  by  ac ti vat ing  its  con struc tive  ma te ri -
als, fig. 14. The ra di a tion that co mes from the de ac ti -
va  tion of the struc  tural ma  te  ri  als of the GFSA only
in  creases the num  ber of free elec  trons (pre  dom  i  -
nantly  ini tia tory,  due  to  the  ho mo ge neous  ge om e -
try), lead  ing, in turn, to the nar  row  ing of   im  pulse
char ac ter is tics.  As  the  ac tiv ity  of  struc tural  ma te ri -
als de creases, so does the ef fect of their ra di a tion on
the con cen tra tion of free elec trons. Fi nally, it can be
con cluded  that  neu tron  ir ra di a tion  im proves  the
char  ac  ter  is  tics of the GFSA (by nar  row  ing its im  -
pulse char  ac  ter  is  tics) for a pe  riod of time (de  ter  -
mined by the half-lives of ra  dio  ac  tive nu  clei in the
ac ti vated  ma te ri als).  This  im prove ment  is  lost  over
time, figs. 10, 14, 15, and 16.
CON CLU SIONS
This pa per in ves ti gates the in flu ence of ion iz ing
ra  di  a  tion fields on the prop  er  ties of a gas-filled surge
ar  rester model. Our ex per  i  ments were per formed with
a, g, X, and neu tron ra di a tion fields, in well-con trolled 
lab o ra tory  con di tions,  with  com bined  mea sure ment
un  cer  tainty lower than 5%. The ob  tained re  sults point
to the fact that all types of ion  iz  ing ra  di  a  tion im  prove
the ac  tive char  ac  ter  is  tics of the gas-filled surge ar  -
rester, while de  grad  ing its static prop  er  ties. Both ef  -
fects are more pro  nounced at higher gas pres  sures and
smaller interelectrode gaps, with the value of the pd
prod  uct (gas pres  sure × interelectrode gap) kept con  -
stant. The ob  served ef  fects are most ex  pressed for g
par ti cle  ra di a tion,  and  least  for  g-rays (not count  ing
neu trons,  which  be long  to  in di rectly  ion iz ing  ra di a -
tion). The said ef  fects can be ex  plained by a higher
con  cen  tra  tion of free elec  trons, which are po  ten  tially
ini tia tory, and whose pres ence in the interelectrode re -
gion short  ens the re  sponse (i. e. pre-break  down) time.
This  im proves  the  ac tive  char ac ter is tics  of  the
gas-filled surge ar rester. How ever, the same ef fect (in -
crease of free elec  tron con  cen  tra  tion in the
interelectrode re  gion) causes a rise in the pre-break  -
down cur  rent which, for an ideal gas-filled surge ar  -
rester, should be zero. The higher ef fi  ciency of X-rays
com pared  to  g-rays is at  trib  uted to the higher ion  iz  ing
power of X-rays, which stems from their wave  length
be ing com pa ra ble to atomic di men sions, mak ing them
re  act with an atom as a whole, in  stead of with in di  vid  -
ual elec  trons like g-rays  do.  A  sim i lar  ex pla na tion  ap -
plies to the high ef  fi  ciency of a-ra di a tion,  es pe cially
since the ex  per  i  ment was de  signed so that the peak of
the Bragg curve was lo  cated in  side the interelectrode
re gion.  Neu tron  ef fects  are  some what  dif fer ent.
Namely,  neu trons  do  not  rep re sent  ion iz ing  ra di a tion
di  rectly. Their ef  fect is seen in the ac  ti  va  tion of the
gas-filled  surge  ar rester’s  con struc tion  ma te ri als,
which then ion  izes the ac  tive gas through sec  ond  ary
de-ex  ci  ta  tions and in  creases the num  ber of free elec  -
trons in it. The fact that these ef  fects are more pro  -
nounced at higher gas pres  sures (i. e. higher den si  ties)
is ex  plained by the ef  fec  tive cross-sec  tions for ion  iza  -
tion be  ing larger in that case.
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Fig ure  14.  Re sults  of  the  ac ti va tion  anal y sis  per formed
on the GFSA model im me di ately af ter ir ra di a tion (du ra -
tion of mea  sure  ment: 1000 s)
Fig ure  15.  Re sults  of  the  ac ti va tion  anal y sis  per formed
on the GFSA model 6 hours af ter ir ra di a tion (du ra tion of 
measurement: 4252 s)
Fig  ure 16. Back  ground radiation mea  sure  ment re  sults
for the GFSA (du  ra  tion of mea  sure  ment: 100000 s)AC KNOWL EDGE MENT
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STABILIZACIJA  KARAKTERISTIKA  GASNIH  ODVODNIKA
PRENAPONA  PRIMENOM  JONIZUJU]EG  ZRA^EWA
U radu se razmatra stabilizacija elektri~nog pra`wewa u gasovima primenom
spoqa{weg jonizuju}eg zra~ewa. Razmatrano je pra`wewe modela gasnog odvodnika prenapona u
pasivnom i aktivnom radnom re`imu. Kori{}en je originalno razvijen model gasnog odvodnika
prenapona. Parametri merewa su bili pritisak gasa i me|uelektrodno rastojawe. Primeweno
zra~ewe je bilo: a-zra~ewe, g-zra~ewe, X-zra~ewe i neutronsko zra~ewe. Merewa su vr{ena pod
dobro kontrolisanim laboratorijskim uslovima. Kombinovana merna nesigurnost primewenog
postupka procewena je na mawe od 5%. Dobijenim rezultatima je dato teorijsko tuma~ewe. Osnovni 
rezultat je da jonizuju}e zra~ewe ne mora nu`no da ograni~ava funkciju gasnih odvodnika
prenapona, ve} da je, pod odre|enim uslovima, poboq{ava.
Kqu~ne re~i: pasivne i aktivne karakteristike, gasni odvodnici prenapona,
..........................jonizuju}e zra~ewe, neutronsko zra~ewe